The present study is concerned with the fabrication and microstructural analysis of boride/Ti-6Al-4V surface-alloyed materials using the irradiation of a high-energy electron beam. Mixtures of TiB 2 or MoB powders and CaF 2 flux were placed on a Ti-6Al-4V alloy substrate and subsequently irradiated using a high-energy electron beam. Specimens processed with a flux mixing ratio of 40 wt pct showed that the melted region of 1.1 to 1.5 mm in thickness was homogeneously formed without defects and contained a large amount of titanium borides (TiB). The formation of TiB in the melted region greatly improved the Vickers hardness, high-temperature Vickers hardness, and wear resistance to levels 2 or 3 three times higher than the those for the Ti alloy substrate. Also, the addition of MoB powders into the mixtures made possible the fabrication of surface-alloyed materials with various properties by controlling the kind, size, and volume fraction of TiB and the characteristics of the matrix. These findings suggested that surface alloying using high-energy electron-beam irradiation was economical and useful for the development of boride/Ti-6Al-4V surface-alloyed materials with improved properties.
I. INTRODUCTION
fabricating a surface-alloyed material. This electron-beam irradiation method rarely forms pores or cracks because TITANIUM alloys have many attractive properties such of high thermal efficiency and homogeneous heating and as a high specific strength and stiffness, arising from their cooling. It can be continuously performed in air and, thus, relatively low density, and excellent corrosion resistance, can treat a very large area at one time, which makes it mainly due to the formation of an oxide film on the alloy advantageous for the fabrication of large structures or parts. surface. However, their poor resistance to wear and oxidation Other advantages are (1) a strong interface between the at high temperatures has required surface treatments. Conmelted region and the substrate and (2) little influence on ventional thermochemical processes such as nitriding [1] and the properties of the substrate because of the short irradiation deposition techniques such as plasma spraying, [2, 3] sputtime. [12, 13] Compared with the laser-beam method, this tering, [2, 4] and plating [2, 5] have been used in order to improve method has a 2-times-higher thermal efficiency and produces the surface properties of titanium alloys. In the former proca thicker surface-alloyed layer of several millimeters in esses, however, a substrate may be distorted or surface propthickness. [14, 15] erties may deteriorate because of the high fabrication The present study is concerned with the fabrication of temperatures. The latter processes are disregarded under boride/Ti-6Al-4V surface-alloyed materials by high-energy repeated loading conditions because of weak interfacial electron-beam irradiation. Borides added for the surface bonding. To overcome these shortcomings, experiments on alloying are TiB 2 and MoB powders. An inorganic flux has surface alloying have been conducted by depositing ceramic to be used to protect these powders from air and to promote powders such as TiN, [6] TiC, [7, 8] TiB 2 , [9] and SiC [8, 10] powders homogeneous melting. [16] The microstructure, chemical on a titanium alloy substrate and by irradiating with highcomposition, hardness, and wear properties of the fabricated energy heat sources such as a laser or electron beam.
surface-alloyed materials were comparatively analyzed to When a material surface is irradiated by a high-energy understand the mechanisms of surface alloying and hardelectron beam of several million electron volts, electron ness improvement. energy is transferred to the material surface by collisions with electrons in the material as heat, [11] which is high enough to melt the material surface. Upon irradiation of II. EXPERIMENTAL the material surface on which ceramic powders are evenly deposited, the material surface and ceramic powders are A substrate material used in this study is a Ti-6Al-4V titanium alloy obtained from Supra Alloys, Inc. (Camarillo, either partially or completely melted, and then ceramic elements are precipitated again during solidification, thereby CA), and its chemical composition is with TiB 2 or MoB powders at a flux mixing ratio of 40 wt pct. These boride/flux mixtures were evenly deposited on the titanium alloy substrate of 70 ϫ 50 ϫ 25 mm in size and containing TiB 2 or MoB powders mixed with 40 pct flux are referred to as 'T' and 'M,' respectively, while a specimen containing TiB 2 and MoB powders (1:1) mixed with 40 pct flux, i.e., 30TiB 2 -30MoB-40CaF 2 , are referred to as "TM." A high hardness, excellent resistance to heat and abrasion, high thermal conductivity, and high melting point.
[20] The high-voltage electron accelerator (Model ELV-6) of Budker Institute of Nuclear Physics (Novosibirsk, Russia) was used physical properties and sizes of TiB 2 and MoB powders are shown in Table I , and their scanning electron micrographs for high-energy electron-beam irradiation. The process parameters used are listed in Table II . CaF 2 flux forms slag are shown in Figures 1(b) and (c), respectively.
CaF 2 powders (density of 3.18 g/cm 3 and a melting temcrusts after irradiation, and, thus, no flux exists in the surface composite layer. perature of 1423 ЊC) were used as flux [21] and were mixed
